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cell have higher potential for miniaturization because it has high power output compared to other liquid fuel 
cells like methanol [3]. In addition, if we compared to H2-PEMFC which require high cost of miniaturized of 
hydrogen containers [2]. Direct liquid fuel cell is one of the power options since it has very high power 
density relatively compare to lithium battery. Consequential to this theory, direct alcohol fuel cells have been 
extensively investigated. Yet, methanol is toxic and permeable through Nafion membrane which leads to 
decreasing of the cell performance. While the ethanol oxidation process with the catalyst is a very slow 
process [1]. Hence, direct formic acid fuel cell is a suitable candidate due to the nature of formic acid which is 
fast electro- oxidation, low fuel crossover through Nafion membrane, non-flammable, non-toxic and ease of 
fuel availability [4].  
Formic acid is a liquid fuel at room temperature and a strong electrolyte [1, 5, 6]. It also can maintain the 
performance from a broad range of fuel concentration [4]. Hence, the electro- oxidation can be more rapidly 
compare to ethanol. It also low fuel crossover through the Nafion membrane while compared to DMFC which 
face a big problem of methanol crossover. This is due to the repulsion between HCOO-  in formic acid and 
sulfuric group in the surface of Nafion membrane [1, 7].Theoretically, formic acid-oxygen fuel cell will 
produce electromotive force, emf or open circuit potential of 1.45V and it can run as long as liquid fuel is fed 
into the cell [1, 5, 7, 8]. This is higher compared to DMFC (1.18 V) and H2-O2 PEMFC (1.23 V). The 
DFAFCs can produce relatively high power density at room temperature have been demonstrated in Zhu et. al. 
paper [1]. 
The major weakness of formic acid as fuel because it have low volumetric energy density which is only 
2104 WhL-1 [2] seems to be greatly lower compared to neat methanol which is 4690 WhL-1 [1, 4, 9]. Thus, 
DFAFCs have higher potential compared to DMFCs [10]. 
In this review paper, direct formic acid fuel cells (DFAFCs) as an energy sources research are reviewed, 
with a focus on progresses that have been made on fundamental of DFAFC chemistry and also the challenges 
that have to be face in the preparation of DFAFC to be commercialized. 
2. General Reaction in DFAFC 
Direct formic acid fuel cells that react with platinum (Pt) have dual path mechanism of reaction which are 
dehydrogenation and dehydration [11, 12]. Dehydrogenation process does not produce carbon monoxide (CO) 
as intermediate reaction which is poisonous. The dehydrogenation reaction produces carbon dioxide, (CO2) 
directly: 
 
HCOOH Æ CO2 + 2H+ + 2e-  (1) 
The reaction shows the direct oxidation of formic acid to CO2, at the same time as dehydration producing 
the poisoning intermediate CO [13]: 
 
HCOOH + Pt° ÆPt-CO + H2O (2) 
Pt°+ H2O ÆPt-OH + H+ + e- (3) 
Pt-CO + Pt-OH ÆCO2 + H+e- (4) 
Overall reaction: HCOOHÆCO2 + 2H+ + 2e- (5)  
Formic acid oxidation on Pt will results an indirect pathway that includes a strongly bonded CO 
intermediate. The amount of CO produce by this reaction on catalysts surface will block reaction site. This 
proves that Pt is not very suitable as anode catalyst for DFAFC. This problem can be resolve by substituting 
Pt to palladium (Pd) catalyst which give direct pathway [14]. Hence, this overall reaction shows that 
dehydrogenation reaction is needed to improved overall cell efficiency [5]. 
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2.1.  The Effects of Concentration towards DFAFC Performance 
Hong et.al. considered 5.0 M as the optimum concentration for their 4-cell stack [8]. While Rice et. al. 
experimented shows that 2M formic acid will produce relatively and the activity increase with the feed 
concentration of the formic acid. The maximum current that have been observed by Rice et. al. at 12 M of 
formic acid which is 134 mA/cm2.The open circuit potential, OCP of the cell is relatively high, 0.72 V [5].  
The decreasing of cell performance with the increasing formic acid concentration might be due to some 
reason such as catalyst poisoning, formic acid crossover from the anode to cathode through the membrane, 
diffusion barriers within the carbon cloth and dehydration of the membrane [5]. Higher concentration of 
formic acid required higher fuel supply rate which will cause higher fuel crossover [7], and hence reduces the 
cell performance.  
2.2. Catalysts Effect on cells’ performance 
Generally, cell performance will improve by the increasing of the anode or cathode catalyst loadings [7]. 
For initiation stage, Pt-based catalysts were employed in the anode layer such as Pt-black and Pt-Ru [2]. Yet, 
the poisoning of CO had overcome by using palladium (Pd) catalyst which produces the unusually high 
performance in DFAFCs [6]. Usually, Pt catalysts is used as the cathodic catalyst since it posses high 
electrocatalytic activity for oxygen reduction. The intermediate CO will cause Pt catalyst poisoned. Chen et. 
al. have initiate the investigation on using carbon supported gold (Au/C) due to electrocatalytic activity of Au 
catalyst dependent on the sizes of the Au particles [15].  
Pd-black result unusually high power compared to Pt-based catalyst. Catalyst act for Pd-black is decreasing 
in time at the same time the DFAFC performance drops slowly. Carbon supported Pd catalysts demonstrate 
good activity along with the potential for more efficient Pd metal utilization and lower metal loadings[2].  
 Larsen et. al. have compared the previous result of Pt-based catalysts in DFAFCs, the performance of Pd 
catalysts are greater [12]. Rice et. al. have experimented the behavior of platinum black, platinum-ruthenium 
and platinum-palladium towards the performance of the DFAFCs as shown in Table 1 [13]: 
Table 1.  Performance of Direct Formic Acid Fuel Cells for Different Catalyst  
Catalyst Open circuit potential, 
OCP (V) 
Current density at 0.5 V 
(mA/cm2) 
Power density at 0.26 V 
(mW/ cm2) 
Pt/Pd 0.91 62 41 
Pt 0.71 33 43 
Pt/Ru 0.59 38 70 
 
Table 1 shows that Pt/Pd catalyst obtained higher open potential, 0.91V compared pure platinum and 
Pt/Ru.while Pt/Ru catalyst gives the most power at low voltage 70mW/cm-2 at 0.2V compared to pure 
platinum and Pt/Pd. Hence, it shows the addition of palladium enhances the rate of formic acid 
electrooxidation through direct reaction mechanism [13]. DandanTu et. al. reported a good catalyst will 
demonstrate high oxidation and low onset potential. From their study, they observed that by adding tin (Sn) 
even in a small amount into carbon supported Pd catalyst can vigorously increase the current density of 
formic acid oxidation and shift the onset potential toward negative compared with that of Pd/C [16]. 
3. Cell Configuration Of Direct Formic Acid Fuel Cells (DFAFCs) 
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Direct formic acid fuel cells (DFAFCs) can be divided to three type of operation which are active DFAFCs, 
active air breathing DFAFCs and passive air breathing DFAFCs. For active DFAFC, formic acid was supplied 
to the anode side by liquid pump and the air was supplied straightly to cathode side by using compressed gas 
cylinder. For active  air breathing DFAFC, the cathode was exposed to ambient air instead of using a cathode 
by using cathode flow field [2]. For general configuration of the formic acid fuel cell is shown in Fig. 1.  
 
Fig. 1. Schematic Of the Cell [7] 
3.1. Current Collector 
Current collector is a crucial part in a fuel cell. It serves to conducting the current while delivering fuel and 
oxygen. For conventional current collectors using titanium foil coated with gold, stainless steel plate and 
graphite plate [7]. 
3.2. Gasket 
Gasket should be choose with suitable thickness and material in order to ensure the cell sealing and 
reducing the contact resistance [4, 7]. The optimum gasket should have the combination of thickness, 
hardness, chemical compatibility with formic acid and bolt torque[4]. Gasket is function to ensure that the cell 
have sufficient sealing and good contact between the current collector and catalyst layer [7]. 
3.3. Membrane 
Formic acid can be said has a good compatibility with Nafion® membrane. Fundamentally, the flux of 
formic acid through a Nafion® membrane rise with the increasing formic acid concentration and temperature. 
Kim et. al. examines the effect of membrane thickness on the cell performance and obtained Nafion ® 117 is 
the optimized membrane at 12 M of formic acid concentration which is 84 mW/cm2 at 0.43V [3] 
3.4. Membrane Electrode Assembly 
Membrane electrode assembly consists of membrane, and both electrode of anode and cathode which is 
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combined by hot-pressed [17]. Initially, catalysts ink was prepared by sonication of, small chain alcohols, 
ionomer solution and catalyst powder[4]. The widespread method in the fabrication of membrane electrode 
assembly (MEA) by using ‘direct catalyst paint’ technique to apply the catalysts layers [1, 3, 5, 9]. Usually, 
MEA was hot –pressed at 135°C for 2 minutes at appropriate pressure. The anode catalyst ink is prepared by 
using Pd black at some suitable ratio. Then, the solution will ultrasonicate in an ice bath. The cathode catalyst 
ink also prepared in the same approach using Pt black instead of Pd black [3]. 
3.5. Reservoir 
Polymethyl methacrylate (PMMA) board is strong enough to support the fuel of formic acid as it is acid-
resistant to prevent the eroding of the cell. In other hand, PMMA have low conductivity of 19W m-1K-1which 
prepared the cell to withstand high temperature [7].Single cells in series will produce higher voltage with 
independent fuel reservoir for each cell will improved the situation water electrolysis since formic acid is a 
good electrical conductor [8].  
4. Challenges in the Operation of DFAFCs 
The decreasing of cell performance might be cause of decreasing formic acid concentration, catalyst 
dissolution, fuel crossover and flooding at cathode [7]. The crossover problem is always hindered liquid fuel 
cell operation.  
4.1. Mass Transport Limitation In DFAFC 
Rice et. al. have discussed the constraint to the mass transport in of formic acid to the anode side might 
probably be either the Nafion ® within the catalyst layer or carbon cloth or both [5]. Anode side of DFAFCs 
has significant mass transfer limitation depending on the anode diffusion media property as well as formic 
acid concentration. This limitation on the anode diffusion media is due to formic acid hygroscopic property of 
hydrophobic diffusion media [18]. 
 Mass transfer resistance can be overcome by using high concentration of formic acid to reduce the 
diffusion force effect from the gradients of formic acid concentration [7]. Hence, the mass transport limitation 
of formic acid in catalyst layer and hydroscopicity of concentration formic acid fed on the anode will assign 
the applicable range for formic acid concentration. A highly concentrated formic acid will lead to damage the 
MEA due the dehydration process [1]. 
Crossover problem that occur in DFAFCs may be due to the different methods of gas diffusion layer (GDL) 
preparation, loading of the catalysts, MEA fabrication and pre-conditioning[4].  
Rhee et. al. experimented conclude that permeation rate of formic acid through Nafion® membrane is 
depending on the membrane thickness and also formic acid concentration [19]. At higher flow rate of fuel, the 
consumption of oxygen is decrease but resulting a better performance due to great reduction of fuel crossover 
[20]. 
4.2. Critical Water Management And Crossover Of Formic Acid 
The internal resistance in the cell was contributed by water content in the membranes. For a long term 
operation, water will accumulated at cathode side [7]. The water that has been processed is managed by 
coating the carbon cloth at the cathode side with Teflon [1, 6, 13]. Highly concentrated formic acid will result 
easier water management because it has less influence on the activity of some catalysts [6]. 
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4.3. Catalysts Poisoning 
Pd-based catalysts further improve the performance of direct formic acid fuel cells while reducing catalyst 
costs compared to Pt-based catalysts. However, there are still inquiries about using Pd catalysts due to its 
deactivation during formic acid electro-oxidation. Zhou et. al. conclude that deactivation of Pd catalyst could 
be improved by regeneration with pure water [21]. 
5. Conclusion 
This paper reviews a general overview of formic acid fuel cells including the fundamental reaction in the 
cell, anodic catalysts, basics design of the DFAFC and challenges in the direct formic acid fuel cells. The 
demands of fuel cell are rapidly growth equivalent to invention of fuel cell performance. DFAFCs appear to 
be attractive candidates in order to increase power density demands. By all the advantage of direct formic acid 
fuel cell such as high in electromotive force and low fuel crossover, DFAFC can be commercialized for future 
market.  
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